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LOCptS FOR THE PRBPARATION OF HSTAXi OXIDES 'PKAT ARE 



5 Tnie invention relates to a procesa for preparing metal 
oxidee. or metal aquoxides that are diaper sib'., e in organic 
solvents. The invention further relates to mental oxides 
or metal aquoxides that are modified with orc|anlc aul- 
fonic acide and can be prepared by this procciss. 



^ Prom WO 95/12547 or German patent DB 43 37 64 3 -CI, a pro- 
cess 10 known for the preparation of nanocryg.talline alu- 
mina hydratee in boehmitic or pseudoboehmitic form that 
are disperaible in water. Water-diapersible alumina hy- 
15 dratea can be obtained in this proccjss by hydrolysis of 
aluminum alkoxidee at temperatures from 30 °C to 110 '^'C, 
addition of an acid (monovalent inorganic or organic 
acids as well as their anhydrides) , and subsequent hydro - 
thermal aging. The resultant suspensions are suitable for 
20 example for coating materials, such as glass, metal, or 
plastics r as well as for producing high-strength catalyst 
supports, pure-phase mixed oxides, or after c inversion to 
the a-form, for producing high-performance abrasives. The 
water-dispersibility of those alumina hydrates, which are 
25 not dlHpersible in organic solvents, is a diSiidvantage 
for certain applications, such as weather -resistant ex- 
terior coatings. For certain applications, aluminas that 
are diEipersible in organic solvents but not in water are 
of inteirest. 



The aluminas prepared by some of the processen known in 
the art are dispersible in dilute acids and weiter, and 
some of these aluminas are dispersible in shoi-t- chain 
alcohola, SUCH mscnanoi and ethanol. They cire not 
35 dispersible in organic aprotlc solvents. 




30 
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Colloidal alumina solutions in organic solvents are des- 
cribed for example in DG 41 16 522 -C2 as well as by R. 
5 IJaH and H. Schmidt ("Formation and Propertie^r of Chelated 
Aluminum Alkoxides" in H, Hausner, G. Meaeincf, 6. Hirano 
(Bds.) "Ceramic Powder Processing", Deutsche Keramische 
Geaellschaft, Cologne, 1969). According to ss.id publica- 
tion, the alumina hydrates obtained by hydrolysis of alu- 

10 minum alkoxide'^ in an organic solvent and in the presence 
of a p-diketone compound can occur as colloic.a in the 
solvent. However, the colloidal solutions described there 
are only (meta) stable in the organic solvent at high 
dilutions. Only for isopropanol as a solvent has it been 

15 experimentally proven that the solutions are in fact col- 
loidal ones. Bxperimenta have shown that after removal of 
the solvent, the colloidal particles prepared by said 
process cannot be redispersed. 



20 Prom ACT 200149 a process ie known for the preparation of 
various inorganic oxides and hydroxides that can be dis- 
persed in mineral oils. For this purpose, inorganic 
oxides or hydroxides are subjected to grinding in a ball 
mill ia the presence of a surfactant: and a mineral oil as 

25 the carrier fluid. As surfactants, organic sulfonic acids 
are cited among others. The surfactcints are added to the 
composition in quantities of 0.5 to 3 wt%. 



In US 5,018,172, a process ie described for the prepara- 
30 tion of aluminum hydroxides that are dispersible in non- 
polar/ high-molecular organic solvents, such as mineral 
oils. .Cn said process, aluminum alkoxidee in a volatile 
organic solvent are hydrolyased by contact with an oraanic 
sulfonic acid, such as postdodecylbenzeneaulf onic acid in 
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a viecouB organic carrier fluid. After hydrolyeia, the 
volatile organic solvent is renraved and an aluminum 
5 hydrodde dispersed in a viscous organic car::ier fluid, 
such CIS xylene, remains. 

A similar process is described in US 3,867,2**6, wherein a 
high-molecular organic sulfonic acid in a vijicoua organic 
10 carrier fluid is added to alumina hydrates in a volatile 
organic medium. 

US 4,076,63 8 and US 4,123,231 describe variants of this 
process. According to US 4 , 076 , 638 , a carboxylic acid is 
15 used in parallel, while the viscous organic ciarrier fluid 
is dlapeneed with. According to US 4,123,231, an aqueous 
mineral acid is used in addition to the orgar.ic sulfonic 
acid. 

20 The processes described in the aforementioned U.S. pa- 
tents have in common that subatantial amounts of organic 
sulfonic acids must be used compared to the amount of 
alumina hydrate. In addition, organic solvents are re- 
quired for the preparation of disperaible alumina. 

25 

According to AU 2 00149, mineral oxides are taken up in 
highly viacoue mineral oils having a high solide content 
and then are dispersed in mineral spirits at high dilu- 
tions with a low solids content. However, these are no 
30 real colloidal solutions. 

After drying, the products obtained by the aforesaid pro- 
cesses are no longer dispersible in organic solvents. It 
ig the objoet of tho pveocnb invention ho provide dis- 
35 persible metal oxides/metal aquoxides. It is a further 
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object of this invention to provide a proceSH for pre- 
paring such products, which doee not have the diaadvan- 
5 tagee of the prior art and, for example, doe£i not require 
organic solvents for their preparation. Theeei problems 
are aclved by the subject matter of the invention. 




iv§i^t?on is a process 
10 for preparing metal oxides or metal aguoxideei, especially 
alumina hydrates that can be disperoed in prcttic or apro- 
tic organic solvents. Said products can be obtained by 
reaction of 

(A) one or a plurality of metal oxide (s) /metal aqu- 

15 oxide (a) having a crystallite size of 4 to 100 nm, 

preferably 6 to 20 nm (determined by x-ray diffrac- 
tion on the 021 reflex) and a particle size of less 
than 1,000 nm, preferably 5 to 500 nm, most prefer- 
ably 20 to 100 nm (determined by photon correlation 

20 spectroscopy (PCS) in the suspension prior to dry- 

ing, for exanple during the production process) 

(B) one or a plurality of organic sulfonic acid(s) , 
where 

(1) in case the reaction takes place in a largely 
25 aqueous medium or in the absence of a dilu- 

ent, the organic sulfonic acid is a mono-, 
di-, or trialkylbenzene sulfonic ,acid, where- 
in the alkyl residue (s) is (are) to Cg al- 
kyl residues, preferably Ci to C4 alkyl reai- 
30 dues, and mono-Ci-alkylbenzene au3fonic acids 

or mono-Ca-alkylbenzene sulfonic g.cids are 
preferred, or 
ii) in case the reaction takes place :.n the pre- 
sence of an organic aprotic aolvertc or an 
35 organic protic solvent, the organic sulfonic 
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acid has at least 14 cairbon atoms, preferably 
at least 16, and at leant one arcmatic ring, 

5 

wherein the components (A) , calculated ae metal oxide, 
and (B) are used at weight ratioa f:com 98:2 to 70:30, 
preferably from 95; 5 to* 80:20. Suitable orgar.ic protic 
eolverita according to (ii) are for (example alcohola, pre- 

10 ferably C2 to alcohols. Suitable aprotic solvents 

according to (ii) are for example aromatic hvdrocarbona, 
such as toluene. In case the reaction is carried out in 
the presence of a largely aqueous mfsdium, it is preferred 
that the organic sulfonic acid be soluble in the largely 

15 aqueous medium. 

Preferred embodiments are the subject matter of the sub- 
claims. 

20 The solvents used as dispersants according tc the inven- 
tion are: 

(I) aprotic polar organic solvents 

(II) protic polar organic solvents having at least two 
carbon atoms, or 

25 (III) nonpolar organic solvents. 

Suitable aprotic polar organic eolvents (I) include 
.ketone.3, ethers, and esters, such aei acetone, tetrahydro- 
furan (THF) , methyl ethyl ketone, polyol ester, 1,6- 
30 hexanedioldiacrylate, and dimethyl sulfoxide (DMSO) . 

Suitable protic polar organic, optionally high-molecular, 
solvents (II) hsiving at least two carbon atoms include 
alcohols, polyethera (with at least one free hydroxy 
35 crroup) . hydroxyalkyl *>J3torB, and hydroacyalkyl Uafconoa, es- 
carbox^^lic acids. Suitable alcohols include for example 
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ethyl«neglycol , Cj to Ca mono- or dihydroxy aXcohole, such 
as propanols. butanols, pentanola, and hexanols. 

5 

Suitable nonpolar organic solvents (III) are for example 
toluene and chlorobenzene . 

The dlaperaible metal oxides or metal aquoxides obtain- 
10 able by the proceea of the invention are powders that can 
be dispersed in the aforementioned solventa up to a 
solide content of 35 wt%. The particle size of the dis- 
persed alumina hydrates is preferably from 20 to 1,000 nm 
(determined by PCS) . 

15 

In a preferred embodiment of the present inve^ntion, the 
metal oxides or metal aquoxides, especially c.morphoua or 
nanocrystalline alumina hydrates (with crystc.llite sizes 
of up to 100 nm, measured on the 021 reflex, and grain 

20 sizes between 0.2 ^m and 90 /im with particle sizes of 20 
to 1,000 nm in the suspension) are mixed and stirred with 
0.2 to 2 grams of p-toluenesulfonic acid monchydrate per 
gram of alumina or metal oxide or metal aquoxide, in each 
case calculated as metal oxide, at temperatures between 

25 0 and 140^0 for a period from 30 to 180 minutes, and are 
dried by spray drying, freeze drying, drying in supercri- 
tical solvents, filtration, or rotary drum drying. The 
resultant powder retains little water dispersibility 
(< 30 wt%) and is characterized by a very narrow grain 

30 size distribution. The powder can be. easily dispersed in 
the aforementioned organic solvents with particle sizes 
from 10 to 1,000 nm, preferably from 10 to 500 nm (mea- 
sured in the suspension) . 




35 Fart Q-z tne suspenaions obtained in this way are trans- 
lucent , They produce transparent coatings, for example on 
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filmay foils, glaea, or similar eurfacas. As a result of 
their dispereibility in organic solvents, the: aluminas 
5 modified in this way are suitable for incorporation into 
various water- insoluble polymers or lacquers/paints. 

Most cf the suspensions prepared in this way are opaque. 
They are characterized by excellent sedimentcition and 

10 centrifugation., stabilities. Hence, they are genuine col- 
loidal solutions. Another peculiarity is their redis- 
persihility, especially after drying, in orgc.nic sol- 
vents, and the possibility of making stable suspensions 
with a high solids content {> 20 wt%) . Surprisingly, the 

15 metal oxides/metal oxide hydrates olstained by the process 
of the present invention remain dispersible in the afore- 
mentioned dispersanta (1) to (III) , even after drying 
and, optionally, after finishing and/or storage. 

20 In contrast to suspensions of alumina hydrates in aqueous 
systems, the viscosity increases only slightly at the be- 
ginning and then remains constant after one day (see Fig. 
l/l) . Wo sedimentation occurs, even not after several 
weeks. Owing to these properties, the p-toluenesulfonic 

25 acid-modified alumina hydrate of the invention is parti- 
cularly easy to process and is most appropriate for 
making transparent coatings. Furthez-more, it is useful aa 
a filler in hydrophobic materials, such aa PV2 or lac- 
quers/paints based on organic solvents. 

30 

Disperi3ing Procedure 

Into a beaker, there were placed IB grams of advent and, 
while stirring vigorously, 2 grama of modified alumina 
35 hydrate? were added in portiono nnto tho v^iftcist vrifchin 1 
to 5 mi.nutes. The mixture was stirred for additional 10 
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minut(3B. The resultant suspension had a solids content of 
10 wt''^. No sedimentation will occur with readily dis- 
5 peraible products. Diepereibility was determined by cen- 
trifucjation of the suspension at 2,000 rpm ( LO min) , 
drying (at 120 «C) , and weighing of the precipitate. 

By the term 'diepersible metal oxides/metal iiquoxides' 
10 employed herein especially those products an* character^ 
ized vrhich, when following the procedure described here- 
inbefore, remain in a dispersed state at >/= 95 wt% or 
>/= 9£i wt%. 



15 Example 1 

20 grcsma of water-dispersible nanocrystallinf! alumina 
hydrate (crystallite size measured on the 120 reflex; 
a-12 nm) (CONDEA product Diaperal"^ S) , corresponding to 

20 14.4 grams of AI2O3, were dispersed in a solu-ion of 4 
grams of p-toluenesulfonic acid in 180 grams of deminer- 
alized water and heated to 90 «C for 30 minute-.s with stir- 
ring, thereby adjusting the pH-value to 1.5 £.nd moder- 
ately thickening the suspension. After coolir.g, the aus- 

25 pension was spray dried (inlet temperature 24 0 to 270«C, 
outlet temperature < 110 ^C) . A white odorless powder was 
obtained the properties and dispersibility of which are 
shown in Table 2 and Tables 1 and 4, respectively. 

30 Bxanple 2 (PTSA-Uodi£ied Silica Aluzalna) 

Batch: IBO grama of deminerallzed water 

4 grama of p-toluenesulfonie acid (PTSA) 
20 grams of Siral™ 30 D 



33 
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A suapeneion of 20 grama o£ Siral''^ 30 D was prepared in 
a solution of 4 grams of p-toluenesulf onic acid in 160 
5 grams of demineralized water* The resultant ^'ellowish 
sol -like suspension was spray dried. The C-vc.lue after 
drying was 8.61%. The powder was redispersible at 99% in 
water and ethanol. After solvent exchange, it was redis- 
persible in hexanol and ethylene glycol, too. 

10 

Bxample 3 

4 grams of poetdodecylbenzenesulfonic acid (Marlon*"^ 
AS-3) vere dissolved in IBO grama of, toluene. 20 grams of 

15 Dieperal'^*^ S were added. The mixture was atir;:ed at 80«c 
for 30 minutes. The resultant yellowish sol uith a solids 
content of approx. 10% contained aluminum oxide particles 
having a size of about 195 nm (measured by PCS) . The sol 
was at 97.3% stable to centrifugation (10 minutes at 

20 2,000 cpm) . After removal of the solvent at 40°C/77 mbar, 
a yellowish crystalline powder was obtained which was re- 
disperaible in toluene, tetrahydrofuran (THP) , butanol, 
methyl -tert -butyl ether (MTBE) , and trichloromethane . In 
chlorobenzene, a translucent euspension can be obtained, 

25 which Xa not stable to centrifugation, however. The pow- 
der is 100% hydrophobic, i.e., diepersibility in water 
was reduced to 0% by reaction with Marlon''"'^ A£!-3. The 
organoi3ols are characterized by their long-term stability 
to agglomeration. No increase in viscosity wa3 observed 

30 after ueveral days. The diepersibility of the powder is 
shown in Table 3. 
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Table 1 Dlspdrslblllty In Various Organic Solvents 



Solvent 


DIsperalbillty 

(up to 1Qwt% 
solids) 


Particle 
Siza 

Inml 


Transmission 
(0.1% solids) 


Remarks 


Centrtfugation 
stability 
(2,000 rpm/IOmIn) 

m 




Yes (opaque) 


60 


60.6% 


with ^nVd qnlld4> 

thixotropic 




Ethanoi 


Yas 


100 


64.5% 


- 


99.0% 


1— Dfv% n Ann 1 

rriDpBnDi 










NOi QBienniriea 


n-Butanol 




97 






99.5% 




Yea 


335 


65.8% 


1 I ijAUU WpiL 


u*f<U fO 


Ethyleneglycol 


Yes (opaque) 










THF 


Yes (opaque) 


121 






96.5% 


DMSO 


Yes (opaque) 


104 






83.0% 


Chtorobenzene 


By solvent 
exchange * 

(20% solids) 


400 




LOW viscosity 


99.5% 


DIchlommethanB 


No 










Toluene 


By solvent 
exchange ' 


PCS not 
possible 




Gelatinized 


Not determined 


I.e-Hexanedlol- 
dlacrylate 


By solvont 
exchange * 






Polymertzed In 
UV 


Not determined 



5 

At first dispersion In acetone, then addition of equal amounts of sol'/ent (here: chloro- 
benzene), followed by displacement of the acetone by stirring with heating to 40 "C. 

10 

Table 2 Physical Characteristics of ttie Powder 





9.1 Wt% PTSA 


1 6.8 wt% PTSA 


Specific surface area (BET) 
(acUvateclfor3hat250 'C) 


Im^/g) 




135 


Pore volume 

(0 - 1,000 nm pore diameter) 


[m%] 




0.23 


Average pore radius 


[nmj 




3.2 


AI3O3 content 


l%] 




66 


c content 


1%} 


3.8 


6.5 


Particle size (dynamic laser scattering) 




dio:0.7 

dso: 2.2 
dap: 8.6 


dia: 0.3 
dM:1.2 
deo^ 8.5 
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Table 3 



DUparsmility of Dlspora)^ S / Marion^' AS-a In Various Solvents 



Solvent 


DIspersibility 
l%] 


Particle Size (PCS) 
[nm] 


Transmission 
l%] 


Toluene 


95.5 


166 


63.7 


THF 


99,0 


113 


32.3 


Butanol 


99.0 


130 


44.5 


MTBE 


65 




6.8 


Trichloromethane 


98.5 


64 


42.3 



Table 4 Dlsperstbltlty of Disperal™ PTSA In Solvents Mixtures (10 wtVo Solids) 

10 ^ 



Solvent 


Ratio 


Particle Size 
(PCS) 

[m] 


Centifugatlon Stability 
(2,000 rpm/10 min) 
1%1 


CHCla : MeOH 


90:10 


90 


98 


CHCI3 ; MeOH 


70:30 


70 


97 


CHCIaiMeOH 


50:50 


ao 


97.5 


CHCla: MeOH 


30:70 


107 


97,5 


CHCla : MeOH 


10:90 


70 


98.5 










CHjCljiMeOH 


90:10 


97 


98 


CHjCIjiMbOH 


70 : 30 


109 


96 


CHaClaMVIeOH 


50:50 


103 


06.3 


CHaCljMvfeOH 


30:70 


97 


88.5 










CHCla : Acetone 


70 : 30 


148 


84 


CHCla : Acetone 


50:60 


52 


97.5 



